The efficacy of dipyrone following acute or repeated administration is mediated through an FAAH-independent mechanism. FAAH + / + and FAAH -/mice were evaluated in a variety of cannabimimetic endpoints following either acute (300 mg/kg) or repeated (5 days Â 300 mg/kg) administration of dipyrone. (a) Hot plate (baseline: 11.5±0.4 s) and (b) tail flick (baseline: 1.5±0.1 s) assays were unaltered in magnitude because of the length of dipyrone treatment and were unaffected by the FAAH genotype. (c) The magnitude of hypothermia (baseline: 37.7±0.21C) was greater in mice repeatedly treated with dipyrone, but was not different on the basis of FAAH genotype. Similar results were observed for (d) open-field activity. *P < 0.05, ***P < 0.001 between acute and multiple dipyrone dosing on the basis of significant one-way analysis of variance. Data are represented as mean±SEM. FAAH, fatty acid amide hydrolase.
Dipyrone is a common nonopioid analgesic and antipyretic, which, in many countries, is available over the counter and is more widely used than paracetamol or aspirin. However, the exact mechanisms by which dipyrone acts remain inconclusive. Two novel arachidonoyl-conjugated metabolites are formed in mice following the administration of dipyrone that are dependent on the activity of fatty acid amide hydrolase (FAAH) , which also represents the major catabolic enzyme of the endogenous cannabinoid ligand anandamide. These arachidonoyl metabolites not only inhibit cyclooxygenase (COX-1/ COX-2) but also bind to cannabinoid receptors at low micromolar concentrations. The relative contributions of cannabinoid receptors and FAAH in the overall behavioral response to dipyrone remain untested. Accordingly, the two primary objectives of the present study were to determine whether the behavioral effects of dipyrone would (a) be blocked by cannabinoid receptor antagonists and (b) occur in FAAH -/mice. Here, we report that thermal antinociceptive, hypothermic, and locomotor suppressive actions of dipyrone are mediated by a noncannabinoid receptor mechanism of action and occurred after acute or repeated administration irrespective of FAAH. These findings indicate that FAAH-dependent arachidonoyl metabolites and cannabinoid receptors are not requisites by which dipyrone exerts these pharmacological effects under noninflammatory conditions. Behavioural Pharmacology 23:722-726 c 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins.
Introduction
Dipyrone, a common antipyretic, analgesic, and antispasmodic agent used worldwide, is prohibited in the USA and other countries because of the purported risks of agranulocytosis. However, numerous factors contribute to this condition, which also occurs at relatively comparable frequencies with similar compounds, such as paracetamol and aspirin (Maj and Centkowski, 2004; Ibanez et al., 2005) . Although used quite commonly worldwide as an over-the-counter analgesic and antifebrile for almost a century, its mechanism of action remains unknown. Dipyrone is typically not detectable after oral administration, and has a relatively short half-life (Vlahov et al., 1990; Levy et al., 1995) . The parent compound and its commonly detected metabolites are relatively lowpotency inhibitors of cyclooxygenase (COX-1 and COX-2) isozymes (Campos et al., 1999; Hinz et al., 2007) , a common mechanism for most nonsteroidal anti-inflammatory drug. Further evidence shows that dipyrone can produce analgesia through a direct action on the central nervous system (Carlsson et al., 1986; Vanegas et al., 1997) .
Interest in the endocannabinoid system as a novel mechanism for mild analgesics began with the discovery of the apparent necessity of cannabinoid receptors in producing paracetamol analgesia (Ottani et al., 2006; Dani et al., 2007) . Subsequent investigations showed that an arachidonic acid-conjugated metabolite of paracetamol was formed in the spinal cord and brain of mice through fatty acid amide hydrolase (FAAH), the primary catabolic enzyme regulating the endocannabinoid anandamide. This conjugate, N-(4-hydroxyphenyl)arachidonoylethanolamide, commonly known as AM404, is an established agonist at vanilloid receptors (TRPV1), enhances the extracellular levels of anandamide, and is an inhibitor of both COX-1 and COX-2 (Hogestatt et al., 2005; Mallet et al., 2008) . Although AM404 and cannabinoid receptors appear to be integral to the analgesic effects of paracetamol in preclinical models, the mechanism that produces antipyretic activity remains undetermined (Ayoub et al., 2011) .
Similarly, a pair of FAAH-dependent arachidonic acid conjugates are formed in the brain and spinal cord following the administration of dipyrone (Rogosch et al., 2012) . These metabolites were modest inhibitors of COX-1 and COX-2, and bound weakly to cannabinoid receptors (CB 1 /CB 2 ). The first objective of the present study was to determine whether cannabinoid receptors mediate the antinociceptive effects of dipyrone, using the selective CB 1 receptor antagonist rimonabant and the CB 2 receptor antagonist SR144528. The second goal of this study was to determine whether the analgesic effects of dipyrone were FAAH-dependent, by examining its pharmacological effects after acute or repeated administration in FAAH -/mice.
Methods

Subjects
Female FAAH + / + and FAAH -/littermates of a C57BL6/J background, from the Virginia Commonwealth University (VCU) Center Transgenic Colony, served as subjects. Mice (20-22 g) were housed four mice per cage in a temperature-controlled (20-221C) and humiditycontrolled vivarium, and had free access to food and water. All animal protocols were approved by the VCU Institutional Animal Care and Use Committee.
Procedure
Mice were measured for baseline nociceptive latencies in the hot plate and tail immersion assays set at 521C, with cuto-ff times of 30 and 10 s, respectively. Locomotor activity was measured for 15 min in an enclosed open field 40 min following an injection of dipyrone, using webcam-based immobility detection (ANY-maze software; Stoelting Co., Wood Dale, Illinois, USA) with a threshold immobile time of 3 s. Rectal temperature was evaluated at 55 min, followed by a second set of hot plate and tail immersion testing at 60 min. Catalepsy was evaluated using the elevated bar immobility test with a 10 s cutoff. For further procedural details and equipment descriptions, see Long et al. (2009) .
Drugs
Dipyrone was diluted in 0.9% saline, whereas rimonabant (10 mg/kg) and SR144528 (10 mg/kg) were dissolved in a vehicle consisting of ethanol, emulphor, and saline at a ratio of 1 : 1 : 18. The dose of each receptor antagonist used exceeded the dose sufficient to completely reverse the effects of FAAH (Cravatt et al., 2001; Naidu et al., 2010) or MAGL (Schlosburg et al., 2010) inhibitors in mice. In addition, these doses of rimonabant and SR144528 fully reversed the behavioral effects exerted by agonists acting directly at CB 1 Schlosburg et al., 2010) and CB 2 (Kinsey et al., 2011) receptors, respectively. All drug solutions were prepared B30 min before injection, and administered intraperitoneally in a volume of 10 ml/kg body weight. The antagonists were administered 15 min before dipyrone.
Statistics
Statistical analyses were carried out using either one-way or two-way analysis of variance, with drug and/or genotype as factors. Dunnett's or Tukey's post-hoc tests were carried out on significant analysis of variance to determine individual group differences.
Results
An initial experiment evaluated the acute behavioral effects of dipyrone using a traditional cannabimimetic 'tetrad' battery of tests (antinociception, catalepsy, hypothermia, and locomotor suppression), which reflect pharmacological indices highly sensitive to THC and other cannabinoid receptor agonists. Dipyrone (0, 100, 300, and 500 mg/kg) increased both hot plate [F(3,20) = 7.1, P < 0.001; Fig. 1a ] and tail immersion [F(3,20) = 10.4, P < 0.001; Fig. 1b ] latencies, in a doseresponsive manner, by B50-60% above the baseline. Dipyrone also produced a 3-51C hypothermic effect [F(3,20) = 25.1, P < 0.001; Fig. 1c ] and decreased openfield locomotor activity B40-60% [F(3,20) = 10.6, P < 0.001; Fig. 1d ]. The 300 and 500 mg/kg doses differed significantly from the vehicle (Dunnett's posthoc; P < 0.05). However, there were no signs of catalepsy in the bar test (data not shown), and, accordingly, this assay was not used in subsequent experiments. At 6 h following the injection, none of the treatment groups differed significantly from the vehicle (data not shown).
The second experiment examined whether the CB 1 receptor antagonist rimonabant (10 mg/kg) or the CB 2 receptor antagonist SR144528 (10 mg/kg) would reverse the acute pharmacological effects of dipyrone (300 mg/kg). All dipyrone-treated groups showed significant increases in hot plate latency [F(3,20) = 11.9, P < 0.001; Fig. 1e ], tail withdrawal latency [F(3,20) = 10.8, P < 0.001; Fig. 1f ], hypothermia [F(3,20) = 10.1, P < 0.001; Fig. 1g ], and openfield inactivity [F(3,20) = 13.6, P < 0.001; Fig. 1h ], but neither cannabinoid receptor antagonist significantly attenuated any of these effects.
In the final experiment, FAAH + / + and FAAH -/mice were administered a daily injection of either saline or dipyrone (300 mg/kg) for 4 days. On day 5, the impact of acute and repeated dipyrone on antinociception, body temperature, and locomotor activity was compared. Five days of dipyrone administration in drinking water led to increased levels of the arachidonoyl-conjugated metabolites in wild-type mice, but they were minimally detectable in FAAH -/mice (Rogosch et al., 2012) , allowing us to test indirectly the relative contributions of these metabolites in the behavioral activity of dipyrone. FAAH + / + and FAAH -/mice showed essentially identical dipyrone-induced antinociception in the tail withdrawal ( Fig. 2a ) and hot plate (Fig. 2b) tests, irrespective of whether dipyrone had been administered acutely or repeatedly. Mice treated repeatedly with dipyrone showed an increased magnitude of hypothermia [ Fig. 2c; F(1,28) = 22.0, P < 0.001] and hypomotility [ Fig. 2d; F(1,28) = 6.6, P < 0.05] compared with the acute treatment group. However, no genotype differences were observed with these measures.
Discussion
On the basis of a previous report that dipyrone arachidonoyl-conjugated metabolites are produced through a FAAH-dependent pathway in a manner analogous to those seen following paracetamol (Mallet et al., 2008) , we examined the contribution of the endocannabinoid system in dipyrone-induced antinociception. The respective CB 1 and CB 2 receptor antagonists rimonabant and SR144528 failed to block the antinociceptive, hypothermic, and locomotor inhibitory actions of dipyrone. Also, unlike substances acting at cannabinoid CB 1 receptors, dipyrone did not elicit catalepsy. Given that there was no inflammatory insult promoting the tested behaviors, it was unlikely that dipyrone activity was dependent on the activation of CB 2 receptors, which are predominantly expressed in immune cells. In contrast to paracetamol (Ottani et al., 2006) , CB 1 receptors do not play a necessary role in dipyrone-induced antinociception.
Despite the lack of cannabinoid receptor involvement in dipyrone-induced antinociception, and the disparate duration of time required to accumulate sufficient levels of arachidonoyl-conjugated metabolites, it is plausible that these metabolites induce CB 1 receptor-mediated antipyretic, antispasmodic, anti-inflammatory, or anti-hyperalgesic actions. In particular, the arachidonoyl conjugate found in paracetamol, AM404, also binds to TRPV1 receptors, which may contribute to its antinociceptive effects (Yue et al., 2004; Mallet et al., 2010) . Indeed, as one of these derivatives is also a relatively potent antagonist of TRPV1 channels, which are upregulated during inflammation and participate in pain transmission (White et al., 2011) , future studies using inflammatory models of pain could address this possibility. For example, a recent study using the carrageenan model of inflammatory pain in rats reported that microinjection of dipyrone into the periaqueductal grey reduced sensory nerve excitability through a CB 1 receptor mechanism of action (Escobar et al., 2011) . However, it is unclear whether an intracerebral injection of the parent compound results in the significant formation of any metabolites in the brain that are typical of systemic administration.
In the present study, we used FAAH -/mice to test indirectly whether dipyrone produces antinociceptive, hypothermic, and locomotor inhibitor effects through its arachidonoyl-conjugated metabolites. The observations that FAAH -/mice showed no alterations in these pharmacological effects of dipyrone, administered either Using an active dose of dipyrone, none of these behaviors were altered by the CB 1 receptor antagonist, rimonabant (10 mg/kg), or the CB 2 receptor antagonist, SR144528 (10 mg/kg). Dipyrone (300 mg/kg) produced significant antinociception, represented by increases from baseline in the (e) hot plate and (f) tail flick assays. The average baseline latencies across all groups in hot plate and tail flick tests were 11.7±0.3 and 2.1±0.1 s, respectively. (g) Dipyrone also led to a substantial decrease in body temperature (baseline: 37.7±0.21C) and decreased the level of (h) locomotor activity in an open field. However, these differences were still present in both groups concurrently treated with a CB 1 or a CB 2 antagonist. *P < 0.05, **P < 0.01, ***P < 0.001 versus vehicle (Veh) control on the basis of Dunnett's (dose-response) or Tukey's (antagonist) post-hoc tests. Data are represented as mean±SEM.
acutely or following repeated administration, argue against the involvement of these metabolites. Although the results of the current study suggest that these metabolites and cannabinoid receptor activity are not necessary for the thermal antinociceptive effects of dipyrone, it is possible that the FAAH-dependent arachidonoyl-conjugates and cannabinoid receptors contribute toward the other actions of dipyrone that would be found in inflammatory pain models. In conclusion, these data indicate divergent pharmacological mechanisms for dipyrone and paracetamol, and will require further study to understand how one of the world's most commonly used drugs exerts its effects. 
